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Synthesis and Photoelectric Property of Bis-Cyclometalated Iridium
Complexes with 3-Acetyl Camphor as the Ancillary Ligand

Jia, Juan Luo, Kaijun* Chen, Yanfang Zhao, Baijing Li, Maowei
(College of Chemistry and Materials Science of Sichuan Normal University, Chengdu 610068)

Abstract A series of bis-cyclometalated iridium complexes, iridium(IIl) bis(2-(2,4-difluoro)phenylpyri-
dine-N,C2") 3-acetyl camphor [(46dfppy).Ir(acam)], iridium(IIl) bis(2-phenylpyridinato-N,C2") 3-acetyl
camphor [(ppy).Ir(acam)] and iridium(II) bis(2-(2'-benzothienyl) pyridinato-N,C3") 3-acetyl camphor
[(btp),Ir(acam)] were synthesized with sterically 3-acetyl camphor as ancillary ligand. The absorption
spectrum, PL spectra and photoluminescence efficiency of complexes were compared with the
corresponding complexes with acetylacetone (acac) as the ancillary ligand. It was found that all of their
photoluminescence efficiency could be improved when sterically hindered 3-acetyl camphor was introduced.
When [(ppy).lr(acam)] was used as light-emitting devices, the EL spectra has the largest peak intensity at
516 nm. The device has the greatest brightness of 10930 cd/m” and maximum brightness efficiency of 14.6
cd/A at 12 V. The highest power effciency and brightness are 4.23 Im/W and 698 cd/m” respectively at 10.7
V.

Keywords bis-cyclometalated iridium complexes; 3-acetyl camphor; quantum efficiency
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WIER, B TS T4 nn HERURON RS2 4
Je& B 2 1] (A EAE 5 UK AR TE AR =
FA-CEAIKRE K. RN EARS FAERIKET, B
oy TS TE L SR &4, (ER I GIEA R, 4k
SERVRAIEI RS, X SER R A S AR AT 8%,
RAEE AR, RSB R E A . Bk, B
ARG 53 FAE FARMPRL A A LA I 7= AR ik 5 7
K, mfEm ORI R Jog el Tl RS T
WEERIRE, W RAEFCAR Sy 7 (138 907 5 NSLARALEH
B, K T RS, AR T B 2 R A
HAEH, $Emas e RgeR. It & s A 23 ]
7 BEL A 4 R P A P A R L

VUK 2 /5 3 2 o BN A5 R SR LR e mas i ¢
HRRZREE BRI NEUT ST I, 230 5 4 8 e 2 Tk
PR B E & ) (tbt) Ir(acac) F(bt),Ir(acac). & ILHL &4
(tbt)Ir(acac) ¥ i B 't (PL) 2056 LU AR B (1A 5 U T
EIE AP (bt)oIr(acac)f] PL U EE iy T —f%. 4=t
KA Burn S5 0T - JERECIR (¥ 4 s Sk S 4,
&5 JE ORI A RIS BHLJEE F 11 5 | NG TC 45 0 7 o v 11 e
RWRMSCE A S B a1 R SE AR, (M &1
B PL Redemn 750l b (B2, i T R Al s
HAKMILHEAR R, B CAERCAA A R4 5 5 NS A4
BHIEI, JUIEGINTY IR a0 W L 7~ 45 HL kA,
A S AT A 1) LT 2 AT S A, A4 22 TR o7 BELJ [41 )
SR BN 52 1, A I BELSE A PRS2 5 TN B Tt 23 4
a3 F IR A A P S i, 3 B TR T RR N
B, Jeib sk, BRESEAR L, AR IvERE. B, i
[ DG K24 0 Jung SEISVR IR, [IRERAE 2-2KSENEIE 1)
IRIRFNMERE RS Bl NAS FEREEA], M7E2R R 4 A7 FiE
BEFR 4 47 5] N EEIE K Ir(4,4'dmppy);, 5 7EZKFE 4 17
FIMERE R 5 A5 N FIETE X In(5,4'dmppy);. &= A (1)
2] A BH AR 22 AR K, B & BUAE W
1r(4,4'dmppy); PL 4% K T In(5,4'dmppy)s PLACE, P
MNEEE DR LL 12% K 45 24 4E T4k CBP [4,4'-(9-
1 S EEI N 15 N e SO A 1< B 1 <0 I 1 S S N
Ir(4,4'dmppy); A1 2850 5 BRI L AR I 1 1) Tr(ppy)s
f1, T In(5,4'dmppy)s K4 BRI F 52« 28045 J7 TR
Lt Ir(ppy)s 14 IR 2 1A

H AR5 3 B P e AR b, Xt p =
i (R AB A A A RO . b K25 i AH SR A5 U7 Al B
P T PR 5 | ON R 22 A7 BEL e PSS A 5 IR, 7 2%
BEAR T A 2 v 5 49 ) F A TEL AR PR — 3545 ) ) 9
FEPERFESE . Az =S M & it —2% 3-H QLA
i, 43t 2-ZRFEIEmE A& R AN R T A AR A
(ppy)Pt(acam), (ppy)Pt(bcam)Fl(ppy)Pt(tfcam). AL

W, T C A R R i R TR A AR K 11 7% ) A7 B,
BAERCA DI o 1T Z R P A A 8, AP+
RO B SR AANRE P AE A AU S, T UKL 54
HATIEH 990 nn AHEAE R, UGS AT TR,
XL A Y HAT IR F 10 PL SR IR AR RCR.

GEE ARSI SRR AR, ASCRE ST — R
PASEARAE P 3- 2 EHE AR i (acam) VE g 4l BHIRC A4, ppy(2-
FIENEBE) . 46dfppy(2-(4,6- —F)RFEMENE ). btpH(2-7K
IFBEMY T ) A = FAR I I & 8 sk (D EL A4, IF5 e
PG AT T AR

1 SLIGERS

1.1 {XEEFRAF

¥ H4(*H NMR): Varian INOVA-400 MHz #1 Bruker-
600 (600 MHz)R%Z i AR CDCL VRS, 0 MR
%(HRMS): Waters quattro premier XE JEi{X; T4
#r: = KF| CARLO ERBA 1106; i ¥ AR 22 iRk :
LK2003 Ffr 7 TAEu, #ORE i 561 TA AW
TGA Q500 #K 43T A; ARG : UV/Vis-
48028 AUXUG AU A WA e BTl 9ok PE
LS-55 #6BEvk. PrARIA h aArall. ie& )
A BT RCR W 58 W K I (btp)alr(acac), (ppy).Ir(acac),
(46dfppy)olr(acac) i)k A LI = A K.
1.2 SAIFEEREITEY R KR SIS K

Er % 26 L Scheme 1.
1.2.1 3HBHELAR 3- LBEAAR R (acam)#) A A&,

¥ NaH (1.58 g, 65.83 mmol)FIHFEfii(5.0 g, 32.89
mmol ) MELE 40 mL Jo/K & [ LBk, EUAARY R A
Wit 2 h GG 20 mL 2 LR LBES 1033 ¢
(131.59 mmol), AREAEEARY FIHE 2 h [RIVHEAE
FEWSS, MA 10 mL SFELIHFEL S NaH. BE
BU#1E 50 mL VKK, 4R I 30 mL ZBEAREL 3 Ik, & 9F
AHUZ, 2 SYRRERANAH AN K FIZE TRk ok
. AEATHUA I 10 mL 1 mol/L KOH 7K1 30 mL
HE, S0 PR 3 h. EANUZE, KRR
IKESHR T pH AE R 2~3, SRJ5 505 H] 15 mL SEFAETY 3
R, B AR S T 28 M8 /K BRI =K, I TG /KB R ¢
TR, I ZE R AR i 43 21 2 L R = i ek
AR 2 (i At WRUEA A © LR CFE=20 1 1
(V : MIJEERR A 2.63 g, 77%35.1%. 3- L
15 Jidi (acam) [¥] & i 2 % SCERT. "H NMR (CDCls, 400
MHz) 8: 2.63 (d, J=4.0 Hz, 1H), 2.32~2.38 (m, 1H), 2.23
(s, 3H), 2.09 (t, J=4.8 Hz, 1H), 1.91~1.99 (m, 1H), 1.36~
1.44 (m, 2H), 1.20 (s, 3H), 0.86 (s, 3H), 0.84 (s, 3H).
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Scheme 1

122 EBeAk 2-(2,4-=#0) FRAE (d6dfppy). 2-F
o (ppy) A 2- 3R I e e (btpH ) 894 A%,

46dfppy M)A HG: 1 2-BERE(1.0 g, 6.33 mmol), 2,4-
THEORANEE(0.91 g, 5.76 mmol), 1 mol/L TREZET 10 mL,
DY 20 mL F1 2 mol% Pd(PPhs), (0.14 g, 0.79 mmol)
B 100 mL =30, G/ UORY FHEHERNR 16 h, 511
KN, WEIER RS, AN 40 mL /K, H 4R CEEQ20
mLXS)AHL, GHANE, KBRS T 2. Hh
JETEZE I AR R s A 20 B Al R IT ;. VO£ k) -
V(LR LTHR)=1 : 6], 19E ik 0.61 g (FLIR & 1.10
g), 7% 55%. "H NMR (CDCl;, 600 MHz) J: 8.72 (d, J=
4.68 Hz, 1H), 8.02~7.98 (m, 1H), 7.79~7.75 (m, 2H),
7.28~7.26 (m, 2H), 7.03~6.99 (m, 1H), 6.94~6.90 (m,
1H).

[l FE vk %15 2 ppy 77 75%, 'H NMR (CDCls,
400 MHz) §: 8.70 (d, J=2.2 Hz, 1H), 7.99 (t, J=4.6 Hz,
2H), 7.81~7.69 (m, 2H), 7.47~7.42 (m, 2H), 7.27~7.21
(m, 2H).

[\ B 7 v % 73 8 btpH, 7~ % 81%, 'H NMR
(CDCls, 600 MHz) 6: 8.64 (d, J=4.74 Hz, 1H), 7.88~
7.85 (m, 2H), 7.80 (t, J=4.56 Hz, 2H), 7.75~7.73 (m,
1H), 7.38~7.34 (m, 2H), 7.23~7.21 (m, 1H).

1.2.3 = RAR(46dfppy)sIroCly, (ppy)alraCly Z (btp)aIr,Cly
EREE

(46dfppy)Ir,Cly HI A H: ¥ =& 1L (0.1 g, 0.33
mmol), 2-(2,4- ) AHEMEBE(0.13 g, 0.68 mmol), 5 mL
KA 15 mL - FE LBEINN 50 mL =3, No (#4977
=80 CRIV 24 h. JRIEZALWH, FHIK LRERZ
WK pES, 53K 0.119 g(FRF~ & 0.205 g), 7™
N 57.9%, AHRIMEEEH T F—2. FFEINESIG
(ppy)slr,Cly, 773 80.6%; (btp)4lr,Cl, 775 87.4%.

1.2.4 B 47 = # (46dfppy),lr(acam), (ppy),Ir(acam) Z
(btp),Ir(acam) &g &A%,

(46dfppy).lr(acam) ] 5 fl: ¥ (46dfppy)alr,Cl, (0.02
g, 0.033 mmol), acam (0.032 g, 0.165 mmol). FKIR4H
(0.0053 g, 0.016 mmol)fl 5 mL Z % Z A 50 mL
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SHU, Ar SRPTR T=100 CRNY, 4 h V524,
| A [ R SN S (B | A A e
BEVVCATITR)=2 & 1), B SR BOR R 4G, A
0.0133 g BEEAERFR IR i 0.0251 g), 7% 53%, 'H
NMR (CDCl;, 600 MHz) J: 8.464 (d, J=24 Hz, 1H),
8.303~8.206 (m, 3H), 7.181~7.737 (m, 2H), 7.135~
7.093 (m, 2H), 6.328 (t, J=9 Hz, 2H), 5.769~5.744 (m,
1H), 5.668~5.653 (m, 1H), 2.501 (d, J=9 Hz, 1H),
1.992~1.934 (m, 1H), 1.859 (s, 1H), 1.836 (s, 2H, ),
1.294~1.221 (m, 3H), 0.760 (s, 3H), 0.676 (s, 3H), 0.479
(s, 3H); *C NMR (CDCls, 600 MHz) 6: 9.66, 19.46, 19.92,
25.36, 28.24, 30.81, 50.21, 53.43, 58.10, 96.94, 97.24,
114.30, 114.95, 115.45, 121.03, 121.18, 121.36, 122.30,
122.61, 128.67, 137.70, 147.19, 147.88, 148.47, 152.05,
152.38, 152.58, 159.97, 161.69, 165.43, 176.92, 195.35,
195.85. MS [ESI] m/z: 765.19 [M+1]". Anal. calcd for
C34H0N,0,FIr: C 53.32, H 3.82, N 3.66; found C 52.96,
H3.91, N 3.53.

7] B 1R 7 V& B (ppy )aIr(acam), 77 % 81.1%. 'H
NMR (CDCls, 600 MHz) ¢: 8.40 (d, J=5.4 Hz, 1H), 8.35
(d, J=5.4 Hz, 1H), 7.94~7.86 (m, 2H), 7.73~7.62 (m,
2H), 7.49 (d, J=7.8 Hz, 2H), 7.08 (d, J=11.2 Hz, 2H),
6.85~6.77 (m, 2H), 6.55 (t, J=15.6 Hz, 2H), 5.93 (d, J=
7.8 Hz, 2H), 2.49 (d, J=4.2 Hz, 1H), 1.97 (s, 1H), 1.91 (s,
1H), 1.82 (d, J=12.6 Hz, 2H), 1.26 (s, 3H), 0.75 (s, 3H),
0.66 (s, 3H), 0.50 (s, 3H); *C NMR (CDCl;, 600 MHz) ¢:
9.74, 19.49, 19.96, 25.39, 28.35, 30.78, 49.88, 50.42,
57.90, 96.89, 97.26, 114.30, 114.56, 127.31, 127.36,
127.65, 127.69, 128.11, 128.34, 129.25, 129.26, 129.47,
137.29, 137.51, 137.87, 137.96, 144.42, 149.23, 150.02,
151.45, 154.68, 194.35, 194.86. MS (ESI) m/z: 694.21 [M
+1]". Anal. caled for C3,H33N,O,Ir: C 58.85, H 4.79, N
4.04; found C 58.86, H 4.76, N 4.04.

[ERE I 77 14 i (btp)oIr(acam), 773 21%, 'H NMR
(CDCls, 600 MHz) J: 8.470~8.431 (m, 1H), 8.282~8.257
(m, 1H), 7.755~7.706 (m, 2H), 7.664~7.626 (m, 3H),
7.585 (t, J=8.1 Hz, 1H), 7.085~7.040 (m, 2H), 6.950~
6.928 (m, 2H), 6.810 (t, J=7.5 Hz, 2H), 6.341~6.308 (m,
1H), 6.224~6.202 (m, 1H), 2.495 (d, J=8.7 Hz, 1H),
1.992~1.934 (m, 1H), 1.824 (s, 1H), 1.805 (s, 2H),
1.257~1.215 (m, 3H), 0.751 (s, 3H), 0.646 (s, 3H), 0.489
(s, 3H); *C NMR (CDCls, 600 MHz) : 9.61, 19.43, 19.68,
25.02, 27.98, 30.76, 48.54, 50.23, 57.65, 96.81, 97.17,
114.03, 114.27, 120.35, 120.46, 121.33, 121.62, 122.73,
122.86, 123.51, 123.64, 124.11, 124.43, 124.54, 124.78,

131.71, 137.26, 138.03, 138.40, 139.61, 143.29, 143.94,
150.17, 157.02, 157.48, 192.40, 193.25. MS [ESI] m/z:
805.36 [M+1]". Anal. calcd for C3sH33N,0,SIr: C 56.62,
H 4.13, N 3.46; found C 56.65, H 4.14, N 3.44.
1.3 EEYHIERMSERRATNE
1.3.1 R E SN R A R BUR A8 6 2
FERE it A oK G DY SRR, )5 Bk
FER 1X107° mol/L, 23R AT K48 4h— T W1 A
HBEURIGIEE.
132 w9 Sk RRAe bl AL 2
DU S FH TG /KB B 0 24 h s gl el v, 3
N 2R R S5 B R R B €, SR 2R, K AR )
DY SRR B 5 < 30 min, 540 Ar < HI 30 min BLER
F PSR /> 5 ) O,
133 EFacEeiti
ASERG R TS T R R ) 5 R e R
O= ¢, -4 /A)-(nt I n?)-(FJF,)

L, o, @0 23BN AFINA) ORI 25 LU TR TR0 A,
Ay 53 0 R 5 DA JFURN 2 L A9 A A K A TR W ' JEE
(<0.05); ny, n 23 5 RN ORI 2 LU R AT 6265 Fy,
F 53 00 A A5 N JSOR 2 e ) S R B G A O iR . R T
5% 5 00 S Ak PO E 1 R I i, kAT
K H (ppy)alr(acac)VES LUW T, WAL 2-FH LU SR
W R T R 0.3488 AR BRI 1X107°¢
mol/L THF V¥, DRIVEMINA, 468 LA
R
14 BEMOBIMAR LN

AR R A B R, S FUAR R B LR, S LR
N HIR M. CRFHMETCN 0.1 mol/L [AIPYIE T 3E4% /N
UL Eh, R SIS0, R 100 mVes ™!,
U YE /R —1.5~1.5 V ZJa), MK FTE A m 2 el O
R, 15 min. BRvfE RO LA AR T B el
—4.5 V, JITLh Enomo= —[Eonserioxy T4.5] eV. {E3PrH
i, —SANME I FRHE S A, ASOTH R H R
HURRAIEZ L, e I F AR FB AT AT B0 Rl 4.74 eV,
FH SRk 8 1 VAT R S5 9 B0 & A AR AR AR
A5

Eyomo=— [Eonset(OX)+4'64] eV

E,=1240/ n5e(eV)

ELUMO:Eg+EHOMO

F T AT WU R R PE A B R 2 DX I LA s
IR 2L, P LA SO i i 5 il 0 o — A AL I
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Bl HLA Eonset(ox)E%ﬁ?ﬁﬁHj/ﬁ\: HOMO fegk, Heias
Hh=0] W AT AS Aonsed [IHZ TS Y LUMO BEZL.

2 #HREWHE

21 EEYHRIEEM

BE S TGA 72U HI TN, TGA Tk
RN 10 C/min. HHE 1 W40, B & 4 (46dfppy),-
Ir(acam), (ppy).Ir(acam)F(btp),Ir(acam)ZF 5%l 143
MR 2339k 273,292 F1313 °C. {E350 CIf &I&W
KEIEF] 5.16%, 44.6%, 85.0%, & 4 (btp),lr-
(acam) K FEfe /b, BRRGEMESRAT. AT LI =R A
PHAAR AR, XGRS HIE.

80

60

40 4

Mass loss/%

—=&— (btp),Ir(acam)
—W¥— (46dfppy),Ir(acam)
204 —*— (ppy),Ir(acam)

J T T T T T T T T
150 200 250 300 350 400

i’C

1 FEWE TG Hhzk

Figure 1 TG curve for complexes

22 BEYMHELFEHAR

g 2 Pros.

Tk 23 AT 545 20 (10 25 B & 0 1) A8 A I8 TR AT £
. HOMO, LUMO, E, {HUIZE 1 FiR.

M 2 BTAN: E(ppy)alr(acam) (P 55 — S AL W I H B
T /N, X AT BB SN IR B A AR AR e AR
P ATEL BRSSP HOMO 2Rt
A 55 R R T AT HRUE 2 A, LUMO RS Hi TC A4k g
WL FRIEA K. R 1R Bos =R A2 LUMO
RegIE T 21, (btp)oIr(acam) B T-E 75 R 5| AL
ARIFIR, ATILHORE BEA e, 230 HOMO e

(46dfppy).Ir(acam), (ppy).Ir(acam)] T [FFf%. (46dfppy),-
Ir(acam) K A 7575 31 EGI AL )5+ F, 33 HOMO
AE AR, 51 IR,

0.25
I (ppy),Ir(acam)
020 % —— (btp),Ir(acam)
1% e e 46dfppy), Ir(acam)
0154 % (N
< 0104
£ ]
= 0.05
0.00
-0.05 4
om0 e
-1.0 -0.5 0.0 0.5 1.0
E/NV

B2 BLAPIRITEIR R 2 2

Figure 2 Cylic voltammograms of complexes

2.3 BELEAI UV-VIS IRk

B LIk =R A K N S I 1< 1077
mol/L ¥ PYSMEmE AT, 2t B IR IL 28 AT DL,
S5 RWE 3 NI 2 s, BBl & H7E 230~350 nm Fifix
Kb (BRI 0, PR IROG RBAE 5.1X10°~1.9X10*
L/(molecm)Z [f], 1] )= )& A BLAAR(CAN) 7 1 1 2 4 e )
SV - BRAE. (btp)oIr(acam)fE 475 nm Ab I EE IR KO
AHH 1.2X10* L/(molecm), (ppy),Ir(acam)fE 450 nm &b
() B SRR R 1.5} 10* Li(molecm), X 441G g ik

—— (btp) Ir(acac)

1y —— (btp) Ir(acam)
—O— (46dfppy),Ir(acac)
—&— (46dfppy),Ir(acam)
—— (ppy),Ir(acac)
—¥— (ppy),Ir(acam)

Absorbance/a.u.

300 400 500 600
Wavelength/nm

Bl 3 WCEWqE THE 5 Ah—m] WSRO i

Figure 3 Absorption spectra of complexes in THF solution

R BEWPER L Ll

Table 1 Cylic voltammograms data of complexes

Sample Aonset/ NM Eox/eV Eqnsetox/€V Enomo/eV Eiumo/eV E eV
(46dfppy),Ir(acam) 470 0.597 —5.119 —2.481 2.638
(ppy)2Ir(acam) 488 0.569 —5.045 —2.504 2.541
(btp),Ir(acam) 530 0.393 —4.791 —2.452 2.339




No. 8 BOARSE LA 3- SRR N1 A il B A R PR < SR BRIC 450 14 5 1 A TG FRLPE REIE 5T 1033
2 EWIES- T RFDCBOR 6
Table 2 UV-Vis absorption and fluorescence data of complexes
Sample W Zunan/nm[10 e/(cm'emol " '+L)] B Ama/nm TR (@)
(46dfppy),Ir(acam) 239 (2.4), 320 (0.57), 380 (0.26), 425 (0.13), 455 (0.066) 486 0.32
(46dfppy),Ir(acac) 238 (3.2), 314 (0.79), 378 (0.355), 422 (0.14), 453 (0.072) 489 0.28
(ppy)-Ir(acam) 250 (4.0), 344 (0.19), 450 (0.15) 520 0.4
(ppy)-Ir(acac) 246 (5.1), 340 (0.3), 453 (0.23) 520 0.34
(btp),Ir(acam) 266 (0.67), 319 (0.40), 475 (0.12) 613 0.13
(btp),Ir(acac) 269 (1.0), 320 (0.63), 475 (0.18) 612 0.07

WU N T & ) 1) 4 i B AR B S I — S 4
B8 BEC AR (1) FLff BT (MLCT), HIX SR 441 'MLCT
J PMLCT ANfig sy, (46dfppy),Ir(acam)fE 380,
425, 455 nm AIH W, SLIRCIG ) B JR IR O B H
2.6 X10*~0.66 X 10* L/(molecm) i), A%} 350 nm LA K
(IR HE 55, J& MLCT(4: )@ 2 FCAA 1) v Anf BRI W
Clge, -t e S ) SR VR L T RAE, TE S I AT A
W& I AW RE RS,
24 EEPHIRIAKIL

MWK 4 FiZk 2 fafLUE H, (46dfppy).lr(acam),
(ppy)aIr(acam), (btp),Ir(acam) =Tt & 4 1) 5 K A S i
RIAR IR Ky 486, 520, 612 nm. &5 SEAARATBH - — i (acam) (1)
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